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FOREWORD 
T h i s  document summarizes t h e  r e s u l t s  of a  space  s t a t i o n  concep tua l  d e s i g n  
and e v a l u a t i o n  stud-y conducted a t  t h e  Johnson Space Cen te r  d u r i n g  November 2 
th rough December 1 6 ,  1983. The s tudy  r e p r e s e n t e d  a  temporary f o c u s i n g  and 
a c c z l ~ t o t i a n  of a  l onge r  term in-house space  s t a t i o n  s t u d y ,  which was i n i t i a t e d  
a t  J Q C  i:! e a r l y  1383 and i s  scheduled  f o r  comple t ion  i n  A p r i l  1984. The need 
f o r  tem2o:ary focus ing  was prompted by n e c e s s i t y  f o r  deve lop ing  a  g r e a t e r  dep th  
of unders tanding  of c a n d i d a t e  c o n f i g u r a t i o n s  which e x i s t e d  a t  t h e  t ime i n  
suppor t  of space  s t a t i o n  program and t e c h n i c a l  p l ann ing  a c t i v i t i e s  . 
The concep tua l  space  s t a t i o n  d e s i g n  s tudy  was performed by an 
i n t e r d i s c i p l i n a r y  team of e n g i n e e r s ,  d e s i g n e r s ,  and s c i e c t i s t s .  The approach 
u t i l i z e d  t o  document t h e  s tudy  r e s u l t s  was t o  f i r s t  deve lop  an o u t l i n e  of t h e  
r e p o r t  c o n t e n t s  and t h e n  a s s i g n  an i n d i v i d u a l  pr imary r e s p o n s i b i l i t y  f o r  
p repa r ing  a  s p e c i f i c  s e c t i o n  of  t h e  r e p o r t .  The a s s igned  i n d i v i d a a l s  were 
suppor ted  by a  team of c o n t r i b u t o r s  r e p r e s e n t i n g  t h e  d i s c i p l i n e s  involved  i n  t h e  
p a r t i c u l a r  r e p o r t  s e c t  i on .  
T h i s  r e p o r t  s e r i e s  i n c l u d e s  t h r e e  documents: 
- Execut ive  Summary 
Volume I - Concept iona l  Design and E v a l u a t i o n  of S e l e c t e d  Space 
S t a t i o n  Con.-.pts (Concept Overview and E v a l u a t i o n ) .  
Volume I1 - Conceptual  Ces ign  and Eva lua t ion  of S e l e c t e d  Space S t a t i o n  
Concepts  (System/Subsystem D e f i n i t i o n  and I s s u e s )  
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LIST OF ACRONYMS AND ABBREVIATIONS 
BB 
C/CM 
CDG 
CMG 
DDTGE 
ES S  
ET 
EVA 
FF 
HM 
HZ 
I M 
I 0  C 
LM 
LVLH 
MAS 
OCZ 
OTV 
OMV 
PCM 
P MAD 
RMS 
RCS 
SEGI 
SSTF 
SOC 
SOW 
SSCM 
TEA 
TDRS 
WCS 
Bu i ld ing  Block 
Command/Control Module 
Concept Development Group 
C o n t r o l  Moment Gyro 
Des ign ,  Develop,  T e s t ,  and E v a l u a t i o n  
Energy S t o r a g e  Subsystem 
E x t e r n a l  Tank 
E x t r a  V e h i c u l a r  A c t i v i t y  
F ree  F l y e r  
H a b i t a t i o n  Module 
He r t z  (Cycles  p e r  second)  
I n t e r c o n n e c t  Module 
I n i t i a l  O p e r a t i o n a l  C a p a b i l i t y  
Labora tory  Module 
Local  V e r t i c  . l ,  Loca l  B o r i z o n t a l  
Miss ion  And 1, s i e  Study 
O p e r a t i o n a l  C o n t r o l  Zone 
O r b i t a l  T r a n s f e r  Veh ic l e  
O r b i t a l  Maneuvering Veh ic l e  
Power Cond i t i on ing  Module 
Power Management and Dis - i b u t i o n  
Remote Manipula tor  System 
Reac t i on  C o n t r o l  System 
System Eng inee r ing  and I n t e g r a t i o n  
Space S t a t i o n  Task Fo rce  
Space Ope ra t i ons  Cen te r  
Statement of Work 
Space S t a t i o n  Cost  Model 
Torque Equ i l i b r i um A t t i t u d e  
T rack ing  and Data Relay S a t d l l i t e  
Waste C o n t r o l  System 
1.0 SUMMARY AND CONCLUSIONS 
A b r i e f  space  s t a t i o n  c o n f i g u r a t i o n  co,lcept s t udy  was conducted a t  JSC t o  
d e f i n e  and e v a l u a t e  t h r e e  space  s t a t i o n  c o n f i g u r a t i o n  c o n c e p t s  c l ~ a r a c t e r i z e d  a s  
f o l l o w s :  
o  Bu i ld ing  Block (SLC-type) C o n f i g u r a t i o n  
-- B u i l t  up by i n t e r c o n n e c t i n g  of e s s e n t i a l  e l e m e n t s ,  i . e . ,  ~ i n i m u m  
hardware launch t o  o r b i t  
-- Modules e a r t h  o r i e n t e d  
-- S o l a r  a r r a y s  sun t r a c k i n g  
o  D e l t a  T r u s s  C o n f i g u r a t i o n  
-- Rigid o v e r a l l  c o n f i g u r a t i o n  
-- Area a v a i l a b l e  cn  t r u s s  s g b s t r u c t u r e  f o r  mounting h a r d u a r r l m i s s i o n  
equipment 
-- Near s o l a r  i n e r t i a l  f l i g h t  o r i e n t a t i o n  
o  Big "T" T r u s s  Conf i g u r a t i c n  
-- S t i f f  o v e r a l l  c o n f i g u r a t i o n  
-- Area a v a i l a b l e  on t r u s s  s u b s t r u c t u r e  f o r  mounting hardware /miss ion  
equipment 
-- Modules nea r  e a r t h  o r i e n t e d  
-- G r a v i t y - g r a d i e r c  f l i g h t  o r i e n t a t i o n  
-- Minimum d r a g  o r i e n t a t i o ~  s o l a r  a r r a y  ( s t r e a m l i n e ) ,  s o l a r  a r r a y  semi- 
s o l a r  o r i e n t e d  
Each of t h e  above c o n f i g u r a t i o n  concep t s  were s i z e d  and d e f i n e d  t o  meet t h e  
i n i t i a l  o p e r a t i o n a l  c a p a b i l i t y  and growth system r equ i r emen t s  u t i l i z e d  by t h e  
NASA Headquarters Concept Development Group. Fol lowing t h i s  d e f i n i t i o n ,  each 
c o n f i g u r a t i o n  concept  wds e v a l u a t e d  i n  te rms  of u s e r ,  c rew,  o p e r a t i o n  and s a f e t y  
accommodations; e n g i n e e r i n g  c o n s i d e r a t i o n s  i n c l u d i n g  assembly and growth .  
s t r u c t u r a l  dynamics aud c o n t r o l ,  communications, e lement  i n t e r f a c e s ,  t he rma l  
c o n t r o l ,  and power; and syetem c o s t .  
The major c o n c l u s i o n s  of t h e  e tudy  were: 
o A l l  t h r e e  c o n f i g u r a t i o n  concep t s   net t h e  r equ i r emen t s  s e t  f o r t h  f o r  t h i s  
s tudy .  Depending upon t h e  e v a l u a t i o n  c r i t e r i a  u t i l i z e d ,  some of :he 
c o n f i g u r a t i o n s  perform f u n c t i o n s  i n  a  s u p e r i o r  f a s h i o n  t o  u t h e r s .  None of t h e  
concep t s  were found unaccep tab l e .  
o The t g t a l  co :t f o r  t h e  IOC system (!, TdE p l u s  f i r s t  u n i t )  was a  
s t r o n g  d i s c r i m i n a t o r  between concep t s .  The t o t a i  c c s t  d i f f e r e n c e  between t h e  
t h r e e  c o n f i g u r a t i o n  concep t s  was l e s s  t han  10%. 
o  The number of SPS launches t o  p l a c e  t h e  IOC system i n  low e a r t h  o r b i t  ( 6  
t o  7,  depending on c o n f i g u r a t i o n  concep t )  was a l s o  a  s t r o n g  d i s c r i m i s a t o r .  
o  A s i g n i f i c a n t  d i f f e r e n c e  from t h e  u s e r  and crew o p e r a t i o n s  p e r s p e c t i v e  
i s  t h a t  t h e  D e l t a  and "T1' p l a c e  SOY,* of t h e  equip t iont ,  i n c l u d i n g  c b s e r v a t i o n  
i n s t r u m e n t s ,  s i g n i f i c a n t  d i s t a n c e s  from t h e  p r e s s u r i z e d  modi-les. Thus, t h e s e  
c o n f i g u r a t i o n s  imply t h e  use of "1 ng d i s t a n c e "  EVA and RMS o p e r a t i o n s ,  which 
a r e  viewed a s  u n d e s i r a b l e .  
o From t h e  standpoint of growth and mis s ion  v e r s a t i l i t y ,  t h e  De l t a  and ( t o  
a  l e s s e r  e x t e n t )  t h e  "T" a r e  seen t o  be advantsgeous .  
o  T ~ L  ' e s ign  d r i v e r  of  minimum p r o p e l l a n t  f o r  RCS o r b i t  a l t i t u d e  
mainter.ance '"?" c o n f i g u r a t i o n )  appea r s  not  t o  be impor tan t  i n  s e l e c t i n g  a  
s t a t i o n  concept  f o r  t h e  270 n.m. a l t i t u d e .  I f  lower a l t i t u d e s  a r e  r e q u i r e d ,  
t h i s  could s u b s t a n t i a l l y  a l t e r   he p r o p e l l a n t  usage.  
o  While t h e  u s e r s  tend t o  p r e f e r  a  v e l o c i t y - v e c t o r ,  l o c a l  v e r t i c a l  
o r i e c t a t i o a ,  an i n e r t i a l l y - o r i e n t e d  s t a t i o n  such as t h e  D e l t a - t r u s s  appen r s  t o  
be adequate  from both t h e  s t a n d p o i n t  of u s e r  r equ i r emen t s  and proximi ty  
o p e r a t i c ? s .  
o The Bullding Block and "Too configurations .ere similar with respect to 
the colnmunication and tracking function; however, the Delta-truss configuration 
requires additional antennas for the same coverage. 
111 addition to tt? design anJ evaluation data discussed above, a number of 
system design and operations issues were identified during the study. One of 
the most significant issues identified was the space station housekeeping power, 
which was found to be in the 45 to 50 kw range at IOC versus 15 KU originally 
assumed by the CDG. 
2.0 INTRODUCTION 
2.1 Purpose  and O b j e c t i v e s  
The purpose of t h i s  document is  t o  summarize t h e  r e s u l t s  of a  b r i e f  s p e c i a l  
emphasis space  s t a t i o n  c o n f i g u r a t i o n  s tudy  conducted a t  t h e  Johnson Space Cen te r  
from November 2  t o  December 1 6 ,  1983. The o b j e c t i v e s  of t h e  s tudy  were a s  
f o l l o w s :  
a .  Def ine  c a n d i d a t e  Space Sta:ion c o n f i g u r a t i o n  concepts  t o  meet t h e  NASA 
Headquar te rs  Concept Development Group (CW)  r equ i r emen t s .  
b. Produce e n ~ i n e e r i n g  and programmatic d a t a  on t h e s e  concep t s  s u i t a b l e  
f o r  NASA and i n d u s t r y  d i s s e m i n a t i o n .  
c .  Produce a  d a t a  base f o r  i npu t  t o  t h e  CDG's e v a l u a t i o n  of g e n e r i c  Space 
S t a t i o n  c o n f i g u r a t i o n s  and f o r  JSC use  i n  t h e  c r i t i q u e  of t h e  C D G - s  g e n e r i c  
con£ i g u r a t i o n  e v a l u a t i o n  p roces s .  
It should  be noted t h a t  t h i s  s tudy  i s  not  a  g e n e r a l  Space S t a t i o n  
c o n f i g u r a t i o n  s tudy  aimed toward d e f i n i t i o n  of new andlo* opt imized  space  
s t a t i o n  concep t s .  R a t h e r ,  s p c c i f i c  c o n f i g u r a t i o n  concep t s  were s e l e c t e d  ac  t h e  
o u t - s e t  f o r  re f inement  of d e f i n i t i o n  t o  meet t h e  CDG r equ i r emen t s  and f o r  
e v a l u a t i o n  i n  terms of s e l e c t e d  c r i t e r i a .  Moreover, system and subsystem 
s e l e c t i o n s  and d e s i g n  approaches  were based on t r ade -o f f  s t udy  r e s u i t s  from 
p rev ious  s t u d i e s .  I n  some i n s t a n c e s ,  where t r a d e  s tudy  r e s u l t s  were not  
a v a i l a b l e ,  d e c i p i o n s  were aade  based on e n g i n e e r i n g  judgment t o  f a c i l i t a t e  
system d e f i n i t i o n  w i t h i n  t h e  s tudy  t ime  a l lowed.  I n  such i n s t a n c e s ,  t h e  
d e c i s i o n s  were noted  and i d e n t i f i e d  a s  i s s u e s  f o r  f u t u r e  s tudy .  
S e c t i o n  3.0 of t h i s  summary r e p o r t  p rov ides  an overview d e s c r i p t i o n  of each 
c o n f i g u r a t i o n  concept .  S e c t i o n  4.0 p r e s e n t s  f u n c t i o n a l  d e s c r i p t i o n  and 
e v a l u a t i o n  of each con£ i g u r a t i o n  i n  te rms  of u e e r ,  crew, opt.:ation, and s a f e t y  
accommodations. Engineer ing  and c o s t  e v a l u a t i o n s  a r e  a l s o  provided  i n  s e c t i o n  
4.0. S e c t i o n  5.0 summarizes t h e  r e s u l t s  of  t h e  c o s t  a n a l y s i s  and d e l i n e a t e s  t h e  
t e c h n i c a l  and programmatic i s s u e s  i d e n t i f i e d  f o r  Cuture s t u d y .  
2.2 Backnround 
JSC has been involved  i n  space  s t a t i o n  s tudy  a c t i v i t i e s ,  bo th  in-house and 
c o n t r a c t e d  f o r  s e v e r a l  yea r s .  The in-house s t u d y  a c t i v i t y  was i n t e n s i f i e d  
s h o r t l y  a f t e r  Hay 20 ,  1982,  when t h e  Space S t a t i o n  Task Force  Group (SSTF) was 
e s t a b l i s h e d  a t  NASA Headquar te rs .  The s y s t r q s  working group of t h e  SSTF 
i d e n t i f i e d  a  l a r g e  number of space  s t a t i o n  " t r a d e  s t u d i e s "  w i t h i n  t h e  purview o r  
t h e  system d e f i n i t i o n  (Book 5 )  a c t i v i t y .  JSC suppor t ed  t h e s e  t r a d e  s t u d y  
a c t i v i t i e s  by per fcrming  approximate ly  30 d i f f e r e n t  system and subsystem 
s t u d i e s .  The i n i t i a l  r e s u l t s  of t h e s e  s t u d i e s  have been documented i n  Book 5 
and r e l a t e d  documents. To p rov ide  a  means of conduct ing  t h e s e  s t u d i e s  i n  an 
organized  f a s h i o n ,  an in-house space  s t a t i o n  s tudy  s t a t e m e n t  of work (SOW) was 
produced by t h e  Space S t a t i o n  P r o j e c t  O f f i c e  and was implemented by t h e  JSC 
Systems Engineer ing  and I n t e g r a t i o n  (SECI) Panel  o r g a n i z a t i o n .  
The SOW d e f i n e d  a  comprehensive l is t  of system l e v e l  and subsystem l e v e l  
t a s k s ,  i n c l u d i n g  con£ i g u r a t i o n  a l t e r n a t i v e s  d e f i n i t i o n  and e v a l u a t i o n .  The SOW 
i d e n t i f i e d  t h r e e  c o n f i g u r a t i o n  concep t s  f o r  s tudy :  a  modular ,  b u i l d i n g  b lock  
concept  such a s  t h e  Space Opera t ions  Cen te r  (SOC), which had been under s tudy  a t  
JSC s i n c e  1979; a t r i a n g u l a r  t r u s s  s t r u c t u r e  concept  ( d e l t a - t r u s s )  p r e v i o u s l y  
proposed by JSC ( r e f e r e n c e  1-21 and concep t s  i nvo lv ing  t h e  use of spen t  STS 
e x t e r n a l  t anks  (ET), b r i e f l y  d e s c r i b e d  i n  r e f e r e n c e  1-3. D e t a i l e d  s t u d y  of t h e  
ET concep t s  were no t  under taken  because a  b r i e f  s t udy  i n d i c a t e d  l i m i t e d  
c a p a b i l i t y  t o  meet program requ i r emen t s  and e x c e s s i v e  c o s t  f o r  t h e  r e q u i r e d  
unique launch system ( r e f e r e n c e  1-41. 
During the  course of t h e  s tudy ,  another  t r u s s  s t r u c t u r e  concept with the  
c h a r a c t e r i s t i c s  of low aerodynamic drag with an e a r t h  o r i e n t e d  f l i g h t  mode was 
introduced.  This  concept was i d e n t i f i e d  a s  t h e  big "T" concept. I n  addition, 
the  SOW study was expanded t o  include d e f i n i t i o n  of f l i g h t  t e s t  bed concepts 
t h a t  could be u t i l i z e d  f o r  development t e s t i n g  and subsequently used a s  elements 
of an opera t iona l  space s t a t i o n .  
The mission and assoc ia ted  system requirements i n i t i a l l y  u t i l i z e d  f o r  the  
SOW study were based on an e a r l y  assessment of the Flission Analysis  Study (MAS) 
r e s u l t s  ( r e fe rence  1-5).  The requirements thus  developed were g e n e r a l l y  
c o n s i s t e n t  with the  f i n a l  r e s u l t s  of those produced by the  MAS c o n t r a c t o r s ;  
however, when the requirements were synthes ized by t h e  Mission Requirements 
Working Group and subsequently adopted by the  CDG dur ing May 1983, s e v e r a l  o t  
the  requirements were s i g n i f i c a n t l y  more demanding than previously  ind ica ted  by 
most of the  MAS c o n t r a c t o r s .  Figure  2.2-1 shows a  summary comparison of the  MAS 
c o n t r a c t o r ,  CDG, base l ine  in-house study requirements.  Note t h a t  the  CDG 
requirements f o r  crew s i z e  and power a r e  roughly twice those f o r  the MAS and in-  
house base l ine  s t u d i e s .  
The s p e c i a l  emphasis conf igura t ion  s tudy ,  which i s  the  sub jec t  of t h i s  
summary r e p o r t ,  u t i l i z e d  the  same bas ic  conf igura t ion  concepts def ined i n  the  
SOW s tudy.  A major t a sk  of the  study was t o  r e s i z e  the  c o n t i g u r a t i o n s  and t o  
rearrange and augment elements of t h e  conf igura t ions  t o  meet the  c u r r e n t  
Headquarters CDG requirements shown i n  f i g u r e  2.2-2. 
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3.0 CONCEPT OVERVIEW 
Three conf igura t ion  concepts have been def ined f o r  eva lua t ion  In t h i s  
study: bu i ld ing  block,  d e l t a ,  and t h e  "T." Each concept emphasizes a  d i f f e r e n t  
s e t  of des ign d r i v e r s .  
The bu i ld ing  block concept a t t empts  t o  minimize s t r u c t u r e  and subsystem 
hardware. i t  uses the  p ressur ized  modules a s  t h e  s t r u c t u r a l  toundat ion of the  
s t a t i o n .  The c o r e  s t a t i o n  i s  ea r th -o r i en ted  and the  s o l a r  a r r a y s ,  mounted on 
booms, a r e  o r i e n t e d  toward t h e  sun. 
The d e l t a  uces a  t r i a n g u l a r  t r u s s  s t r u c t u r e  f o r  independent at tachment 
of s t a t i o n  elements t o  maximize r i g i d i t y  and enhance c o n t r o l l a b i l i t y  and miss ion 
v e r s a t i l i t y .  The d e l t a  i o  approximately so la r -o r i en ted  with the  a r r a y ,  mounted 
on one f a c e  of the  t r i a n g l e ,  a t  a  constant  angle  t o  the  o r b i t  plane t o  e l i m i n a t e  
s e c u l a r  g r a v i t y  g r a d i e n t  torques .  S o l a r  o r i e n t a t i o n  s i m p l i f i e s  thermal c o n t r o l .  
The "T" minimizes aerodynaaic drag by mainta ining t h e  a r ray  p a r a l l e l  t o  the  
v e l o c i t y  vec to r .  It a l s o  uses a  t r u s s  s t r u c t u r e  f o r  enhanced r i g i d i t y ,  element 
independence, and miss ion v e r s a t i l i t y .  The "T" i s  ea r th -o r i en ted  ana i s  
arranged f o r  g r a v i t y  g rad ien t  s t a b i l i t y .  The s o l a r  a r ray  is  approximately twice 
a s  l a r g e  a s  a  f u l l y  o r i en ted  a r ray .  The CDG requirements shown i n  f i g u r e  2.2-1 
ve re  i n t e r p r e t e d  a s  r equ i r ing  t h e  module l eng ths ,  viewing requirements ,  e t c . ,  a s  
shown i n  f i g u r e  2.2-2 f o r  the  purposes of d e f i n i n g  concepts f o r  t h i s  study.  
FIGURE 2.2-2 
CONFIGURATION DRIVING REQUIREMENTS 
IOC 
-
PRESSURIZED CPODULES ( S E G ~ N T S  
M B  ( 8  - 1 4 )  40 FT. 7 0  FT. (EQUIVALENT) 
COMH/CONTROL 20 FT. 2 X 2 0  FT. 
LABS 2 X 2 0  FT. 1 2 0  FT. (EQUIVALENT) 
OBSERVATIONS 
EARTH 
SOLAR 
LAB 6 RACK 
RACK 
STELLAR RACK 
POWER 6 COOLING (BUSS) 7 5  KW 
LAB & RACK 
RACK 
RACK 
1 5 0  KW 
ORBIT MAINTENANCE 270K M I  273K M I  
OTV 
SATELLITES 
ONE WITH HANGAR TWO WI?H HANGARS 
1 4 , 0 0 0  LB. FUEL 2 8 , 0 0 0  LBS. FUEL 
NONE TWO WITH HANGARS 
1 0 0 , 0 0 0  LB. FUEL 
ONE WITH HANGAR ONE WITH HANGAR 
EXTERNAL RACK SPACE EXTERKAL RACK SPACE 
3.1 Buildinn Block Confinurat ion 
3.1.1 General Arrangement 
The bui lding block concept u t i l i z e s  the  pressur ized modules a s  a  
s t r u c t u r a l  base t o  which t h e  component p a r t s  of the  s t a t i o n  a r e  a t t ached .  The 
pressur ized modules a t  I O C  ( f i g u r e  3.1-1) a r e  arranged i n  a  quadrangle f o r  s a f e t y  
and e f f i c i e n t  i n t e r n a l  crew movement. E l e c t r i c a l  power generat ion and 
condi t ioning,  r a d i a t o r s  and antennas a r e  mounted on two booms perpendicular  t o  
the  plane of the  quadrangle. 
The growfh conf igura t ion  ( f i g u r e  3.1-2) adds two quadrangles of 
pressur ized modules. A d d i t i ~ n a l  power and r a d i a t o r  components a r e  mounted on the  
e x i s t i n g  booms. 
Hangars, manipulators,  and o t h e r  e x t e r n a l  elements a r e  a t tached t o  be r th ing  p o r t s  
a t  the  corners  of the  quadrangles. 
3.1.2 Funct i o n l o ~ e r a t i o ?  
The normal a t t i t u d e  of the  bu i ld ing  block conf igura t ion  p laces  the  
pressur ized modules i n  the  o r b i t  plane with the  long dimension of the  quadrangle 
v e r t i c a l .  This i s  intended t o  provide g r a v i t y  g rad ien t  s t a b i l i t y ,  provide 
approach paths f o r  the  O r b i t e r ,  OMV and OTV, and permit adequate e a r t h  and 
c e l e s t i a l  viewing. Reor ienta t ion i n  p i t c h  is  required f o r  o r b i t  reboost  because 
of the  t h r u s t e r  loca t ion .  
Two O r b i t e r  ber thing p o r t s  a r e  provided. Por t s  a r e  a l s o  a v a i l a b l e  f o r  
i n s t a l l a t i o n  of temporary modules i n  a d d i t i o n  t o  manipula tors ,  hangars,  e t c .  
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3.1.3 Subsystem Tvpe and D i s t r i b u t h g  
The t a b l e  below summarizes t h e  l o c a t i o n  of subsystem components w i t h i n  
t h e  s t a t i o n :  
SUBSYSTEM COMPONENT LOCATION SUMMARY 
- -- C / C M  HM - --..- LM -- - J O G ,  - - - - --- IM -- --- BOOM 
ECLS S X X X 1 - 
THERKAI, CONTROL X X X X 1 X 
P R O P U L S I O N ~ R C S  X - - - - - 
C C X M ~ T R A C K I N G  X 1 1 1 1 X 
DAZ A MANAGEMENT X (x) 1 1 1 1 
ELECTRICAL POWER 1 / 1 1 1 X 
MECHANISMS X X X X X X 
CREW ACCOMMODATIONS (X X 1 1 1 - 
G N C  X ( x )  - - - - 
X PRIPARY LOCATION OF MAJOR COMPONENTS 
(XI BACKUP LOCATION OF M A J O R  COMPONENTS 
1 LOCATION OF SOME M I N O R  COMPONENTS 
- NO SUBSYSTEM COMPONENTS 
3 .1 .4  Mass Propertitis 
The e s t i m a t e d  mass p r o p e r t i e s  of t h e  b u i l d i n g  b lock  c o n f i g u r a t i o n  a r e  
summarized i n  t h e  f o l l o w i n g  t a b l e .  Element v e i g h t s  i n c l a d e  a s s o c i a t e d  
subsysteme.  Although t h e s e  e s t i ~ a i e s  do not  i n c l u d e  an a l lowance  f u r  weight  
g rowth ,  some growth can be expec ted  t o  ~ c c u r .  T h i s  w ~ u l d  i n c r e a s e  t h e  we igh t s  
and i n e r t i a s  g i v e n ,  but  would no t  a p p r e c i a b l y  a l t e r  t h e  r e l a t i v o  mag2iLudes of 
t h e  i n e r t i a s .  
B U I L D I N G  BLOCK 
U N I T  MASS QUANTI TI! 
L B ,  I O C  GROWTH 
--------------------------------------.---------------------------------------- 
S I N G L E  LM 27,700 2 6 
DOUBLE LM 51,300 - 1 
LOG I S T I C S  27,700 1 1 
POWER SYSTEM 8,050 2 4 
BOOM 580 2 2 
MANIPULATOR 2,000 1 3 
OMV HANGAR 3,600 1 2 
O m  HANGAR 7,100 - 2 
OTV P R O P .  TANK 6,600 - 1 
S A T E L L I T E  S V C .  S T R .  5,200 1 2 
I O C  GROWTH 
W/O OTV PROP.  W/OTV 3 R O P .  
................................................................................ 
MASS, LB ( B U I L D I N G  BLOCK) 263,060 571,360 697,360 
C . G . ,  I N .  X 946.5 950.2 - 1,020.2 
6 Ixx, 10 SLUG-FT 2 9.316 41.063 55.925 
3.2 D e l t a  Concept 
3.2.1 Genera l  Axrpgement  
I n  t h e  d e l t a  ccncep t ,  t h e  f u n c t i o n a l  e laments  of t h e  s t a t ' o n  a r e  mounted on 
a  l a r g e  dep loyab le  t r i a a g u l a r  t r u s s  s t r u c t u r e  f o r  maximum r i g i d i t y .  One f a c e  of 
t h e  s t r u c t u r e  is  covered by s o l a r  a r r a y s .  The o t h e r  two f a c e s  suppor t  r a d i a t o r s ,  
power c o n d i t i o n i n g  equipment, expe r imen t s ,  pay loads ,  e t c .  P r e s s u r i z e d  modules 
a r e  mounted on t h e  t r u s s  o p p o s i t e  t h e  s o l a r  a r r a y s  i n  two p a r a l l e l  rows. 
A t  IOC, t h e  p r e s s u r i z e d  modules fcrm a  quad rang le  a t  one end of t h e  t r u s s  ( s e e  
f i g u r e  3.2-1).  A t u n n e l  is used t o  c l o s e  t h e  quad rang le .  
The growt!~ phase ( f i g u r e  3.2-2) doub le s  t h e  l eng th  of t h e  s o l a r  a r r a y  t r u s s  
and adds s h o r t  e x t e n s i o n s  t o  t h e  o t h e r  two s i d e s  f o r  r i g i d i t y  and t o  suppor t  
power system r a d i a t o r s .  P r e s s u r i z e d  modules a r e  added t o  t h e  TOC s e t  t o  t i l l  t h e  
edge of t h e  t r u s s .  
Hangars a r e  l o c a t e d  w i t h i n  t h e  t r i a n g l e  t o  use t h e  t r u s s  a s  primary 
s t r u c t u r e  and 
the  r a d i a t o r s  a s  p a r t  of t t s  hangar s k i n .  
3 . 2 . 2  Func t ion /@era t ion  
The d e l t a  c o n f i g u r a t i o n  i s  approximate ly  s o l a r  o r i e n t e d  wi th  t h e  Y p r i n c i p a l  
a x i s  pe rpend icu l a r  t o  t h e  o r b i t  p l ane .  Grav i ty  g r a d i e n t  t o r q u e s  i n  r o l l  and yaw 
a r e  t h e r e f o r e  n u l l e d ;  p i t c h  t o rque  i s  c y c l i c  and can be absorbed by c o n t r o l  
moment gyros .  Mass d i s t r i b u t i o n  is  such t h a t  t h e  Y p r i n c i p a l  a x i s  i s  
approximately 20' from t h e  Y body a x i s .  From March t o  September,  t h e  s o l a r  a r r a y  
is  t i l t e d  toward t h e  nor th  t o  minimize t h e  s o l a r  a n g l e  of i nc idence .  The a r r a y  
is ove r s i zed  by 11% t o  compcnsste p e r t i a l l y  f o r  a n g l e  of i nc idence  Losses. A t  
t h e  equinox,  a  pos ig rade  maneuver is  execu~ted  t o  p l ace  t h e  s t a t i o n  i n  a  t r a n s f e r  
.- 
U 
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e l l i p s e  f o r  o r b i t  makeup. Af te r  completing t h i s  maneuver, t h e  s t a t i o n  i s  r o t a t e d  
0 180 about t h e  Z a x i s  and a second posigrade maneuver c i r c u l a r i z e s  t h e  o r b i t .  In  
March, t h e  procedure is  repeated.  In t h i s  way, o r b i t  decay i : ~  made up every s i x  
months, and t h r u s t e r s  a r e  needed a t  only one l o c a t i o n  on the  s t a t i o n .  
3 . 2 . 3  Subsystem Tvpe and D i s t r i b u t i o n  
The t a b l e  below summarizes the  l o c a t i o n  of subsystem components wi th in  the  
s t a t i o n .  
SUBSYSTEM COMPONENT LOCATION SUMMARY 
- 
LM C / C M a - -  --- LOG. IF! -- TRUSS 
ECLS S X X X / - - 
THERMAL CONTROL X X X X 1 X 
DATA MANAGEMENT X (x) 1 1 1 1 
ELECTRICAL POWER 1 1 1 1 / X 
MECHAN ISMS X X X X X X 
CREW ACCOMMODATIONS (x) X / 1 / - 
GNC X (x) - - - - 
)i PRIMARY LOCATION OF MAJOR COMPONENTS 
(X) BACKUP LOCATION OF MAJOR COMPONENTS 
/ LOCATION OF SOME M I N O R  COMPONENTS 
- NO SUBSYSTEM COMPONENTS 
3 . 2 . 4  Mass P r o p e r t i e s  
The est imated mass p r o p e r t i e s  of the  Delta conf igura t ion  a r e  summarized i n  
the  following t a b l e .  Element weights include assoc ia ted  subsystems. Although 
these  es t ima tes  do not include an allowance f o r  weight growth, some growth can be 
expected t o  occur. This would inc rease  t h e  weights and i n e r t i a s  g iven ,  but would 
not  appreciably  a l t e r  the  r e l a t i v e  magnitudes of the  i n e r t i a s .  
DELTA 
U N I T  MASS QUANTITY 
L B  . I O C  GROWTH 
............................................................................... 
CICM 27,700 1 2 
S I N G L E  LM 27,700 2 4 
DOUBLE LM 51,300 - 1 
TUNNEL 1,090 1 2 
L O G I S T I C S  27,700 1 1 
POWER SYSTEM 5,590 3 6 
T R U S S  - I O C  10,110 1 - 
GROWTH 15,340 - 1 
MANIPULATOR 2,000 1 3 
O W  HANGAR 4,320 1 1 
OTV PROP.  TANK 6,600 - 1 
S A T E L L I T E  SVC.  S T R .  2,080 1 2 
I O C  GROWTH 
W/O OTV P R O P .  W/OTV PROP.  
................................................................................ 
MASS,  L B  (DELTA~ 238,470 508,460 634,460 
C . G . ,  I N .  X 1,165.8 1,679.8 1,723.9 
6 Ixx, 10 SLUG-FT 2 i3.574 27.370 27.563 
3.3 Bin "T" Conf inurat ion 
3.3.1 General Arrangement 
The "T" concept c l u s t e r s  t h e  p ressur ized  modules and most opera t iona l  
support  f a c i l i t i e s  a t  the  lower end of a  v e r t i c a l  p lanar  t r u s s .  So la r  a r r a y s ,  
antennas and astronomical  sensors  a r e  mounted on a  h o r i z o n t a l  p lanar  t r u s s  a t  t h e  
upper end of the  v e r t i c a l  t r u s s .  The I O C  c o n f i g u r a t i o n ,  shown i n  f i g u r e  3.3-1, 
inc ludes  the  complete v e r t i c a l  t r u s s  and hal f  of t h e  s o l a r  a r ray  t r u s s .  The 
p ressur ized  modules a r e  grouped a t  one corner  i n  a  quadrangular arrangement. 
1.1 the  growth conf igura t ion  ( f i g u r e  3.?-21, the  o t h e r  hal f  of t h e  a r ray  t r u s s  i s  
added a t  the  top of the  v e r t i c a l  t r u s s .  The a d d i t i o n a l  p ressur ized  modules f i l l  
t h e  bottom edge of the  v e r t i c a l  t r u s s .  
Hangars and o t h e r  o p e r a t i o n a l  support  f a c i l i t i e s  a r e  mounted above the  
p ressur ized  modules, a s  a r e  the  thermal c o n t r o l  system r a d i a t o r s .  Radia tors  f o r  
t h e  e l e c t r i c a l  power system a r e  loca ted  under t h e  s o l a r  a r ray  t r u s s .  
3.3.2 Function/Operation 
The "TI' conf igura t ion  i n  maintained i n  an ear th-f ixed a t t i t u d e  with t h e  two 
t r u s s e s  p a r a l l e l  t o  the  v e l o c i t y  vec to r .  This o r i e n t a t i o n  minimizes drag and i s  
g r a v i t y  g rad ien t  s t a b l e .  
The s o l a r  a r ray  t r u s s  i s  r o t a t e d  about t h e  v e l o c i t y  vec to r  up t o  17' from 
the  hor izon ta l  t o  mainta in  a t  l e a s t  nominal power output  a s  Beta v a r i e s  up t o  
52'. 
Severa l  O r b i t e r  be r th ing  p o r t s  a r e  a v a i l a b l e .  These and o t h e r s  a r e  a l s o  
a v a i l a b l e  f o r  i n s t a l l a t i o n  of temporary modules and payloads.  Space i s  a l s o  
a v a i l a b l e  on the  t r u s s  f o r  unpressurized payload at tachment.  
Orb i t  makeup i s  accomplished by t h r u s t e r s  mounted on the  I O C  C I C  module. 
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3 . 3 . 3  Subsystem T Y D ~  and D i s t r i b u t i o n  
The t a b l e  below summarizes the  l o c a t i o n  of eubsyetem components w i t h i n  the  
s t a t i o n .  
SUBSYSTEM COMPOiJENT LOCATION SUMMARY 
-- -A.&&- HM -- LM LOG. I M  TRUSC 
ECLS S " .. P X I - - 
THERMAL CONTROL X  X  X X 1 X 
DATA MANAGEMENT X (x  1 1 1 1 
ELECTRICAL POWER 1 1 1 1 1 X  
MECHANISMS X X  X X  X  X 
. . 
CREW ACCOMMODATIONS ( X I  X 1 %  . , . 1 1 - 
GNC X  (x )  - - - - 
X  PRIMARY LOCATION OF MAJOR COMPONENTS 
( X )  BACKUP LOCATION OF M A J O R  COMPONENTS 
/ LOCATION OF SOME MINOR COMPONENTS 
- NO SUBSYSTEM COMPONENTS 
3.3.4 Mass P r o p e r t i e s  
The est imated mass p r o p e r t i e s  of the  "TI' conf i g u r a t i a n  a r e  summarized i n  the  
fo l lowing t a b l e .  Element weights include aseoc ia ted  subsystems. Although these  
es t ima tes  do not include an allowance f o r  weight growth, same growth can be 
expec?:? t o  occur.  This  would inc rease  t h e  weights and i n e r t i a s  g iven but would 
not appreciably  a l t e r  t h e  r e l a t i v e  magnitudes of the  i n e r t i a s .  
UNIT MASS QUANTITY 
LB. I OC GROWTH 
-----.-----------------------------------------------..------------------------- 
c/cn 27,700 1 2 
t HH 51,300 1 2 
SINGLE W 27,700 2 4 
DOUBLE LM 51,300 - 1 
LOGISTICS 
I 
POWER SYSTEM 
TRUSS - IOC 
MANIPULATOR 
- - OW HANGAR 
OTV PROP. TANK 6,600 - 
SATELLITE SVC. STR. 2.080 I 
IOC GROWTEI 
W/O o n  PROP. w/on PROP. 
------------------------------------.---*_-------------------------,--------------- 
MASS, L B . ( T )  257,870 555,320 681,320 
~ * 
C.G., IN. X 
I ,  
; i 
Y 
Izz  9.649 46.160 46.246 
3.6.1 _E_nv_i_r_o-np~n&~l~Cg~~0_1.~ and- Li_ ie-Supp~r t  
The ECLS u s e s  a r e g e n e r a t i v e  C02 removal subsystem t o  c o l l e c t  t h e  
m e t a b o l i c a l l y  gene ra t ed  C02. The CO collected is d e l i v e r e d  t o  a CO r e d u c t i o n  2 2 
xubsystem i n  which t h e  C02 is conve r t ed  t o  w a t e r  v i a  hydrogenat ion .  Thr wa tc r  
produced by C 0 2  r t ~ d u c t  i on  and t h e  humidity condensate* c o l  lcbct cd i n  tile hea t  
t -xchangt~r  t o r  cab in  t cmpcra t c r c  and lrumidity c o n t r o l  a r e  used t o g e t h e r  as  pcbtablc . , 
wate r  f o r  d r l o k  and food p r e p a r a t i o n  a l t e r  be ing  s t e r i l r z c d  through a pos t -  
3 
t r ea tmen l  p roces s .  The O2 supply  is provided  by a w a t e r  e l e c t r o l y s i s  p r o c e s s  
which draws w a t e r  from hygiene w a t e r  s t o r a g e / s u p p l y .  The hyg iene ,  shower and 
u r i n e  wa te r  recovery  subsystem employs a  phase-change p r o c e s s  w l t h  p r e  and pos t -  
t r e a t m e n t s  t o  produce q u c l i t y  wa te r  f o r  hygiene ,  shower,  and e l e c t r o l y s i s  u se s .  
The N supply is  provided by a c ryogenic  o r  h igh  p r e s s u r e  g a s  n i t r o g e n  s t o r a g e .  2 
3.4.2 A?:~i_v- T _ h _ ~ - m i ~ l -  _C_on_t_ro_l- S_u_bsys_tem. (_A_T_C_S) 
The ATCS u s e s  body-mountcd r a d i a t o r s  on each  module t o  d i s s l p a t c  l o c a l  hea t  
l oads .  Excess loads  a r e  t r a n s p o r t e d  by a  two-phase thermal  bus  t o  a  c e n t r a l  
deployed r a d i a t o r  system. The two-phase system o p e r a t e s  a t  a  n e a r l y  c o n s t a n t  
t empera tu re  and r e q u i r e s  r ~ c h  l e s s  power t han  a  s ing l e -phase  system. 
Rad ia to r s  (body-mounted and deployed/ t russ -mounted)  f o r  t h e  Space S t a t i o n  
w i l l  u s e  hea t  p i p e s  of a  high c a p a c i t y  monogroove c o n f i g u r a t i o n .  In  t h i s  
approach ,  t h a  deployed o r  truss-mounted r a d i a t o r s  wlll be c o n s t r u c t e d  i n  space  
w i th  a  RMS. The hea t  p ipe  r a d i a t o r  e l emen t s  a r e  plugged i n t o  c o n t a c t  hea t  
exchangers .  Each i n d i v i d u a l  r a d i a t o r  element  (about  1' wide by 53' l ong )  can be 
removed and r ep l aced  i G  damaged. 
3 .6 .3  Propu_1_s_ip!i 
Thc propulsion system has been sizcd primarily for orbit maintenance at 270 
NH. The systems can also provide significant quantities of C K  angular momcolllnt 
dump capabilities. 
The system concept which has been c11osc.n for Lhis study is monopropc.1 lant 
hydrazine (N H 1. Five years with zero maintenance is a typical dcsign llfc 2 0 
time. All proposed systems incorporate a blowdown pressurizatlon system. 
The use of a single propellant wlth a blowdown pressurizatlon system rcducc-s 
the number of components to less than one-half of tbe components in an activrly 
pressurized bi-propellant system. This is expected to significantly enhance the 
overall reliability of the system and reduce the maintenance required over the 
life of the station. 
3 -4.4 Communj_c_ai_o_n_s- and-_T_r_a_c,kj1g-(s6_T_) 
The normal Space Station/ground uplink and downlink channels wl 1 1  operate 
througli a relay satel lite ut S-band, Ku-band, mil limeter wave (mm-wave) , or 
optical frequencies. The communication llnks between the Space Station and 
Orbiter will operate at S-band frequencies. The links between the Space Statiori 
and space platIorms, free-f lyers, EVA, OHV, and/or mannedlunmanned OTV's will be 
at S-band , Ku-band , mm-wave or opt ica 1 f requenc ies . 
The communication system will be capable of transmission, reception, and 
processing of voice, telemetry, commands, wideband data, television (TV), and 
text and graphics. The system will include the capability for private 
communications (including any communications security requirements). Services 
provided by the internal CCT system include video, audio, commands, telemetry, 
data and ChT management/control/distribution. 
3.4.5 Avionics 
Space S t a t i o n  a v i o n i c s  comprises severa l  i dependent subsystems: 
nav iga t ion ,  guidance and c o n t r o l ,  i n t e g r a t e d  : 2, d a t a  management, f a c i l i t i e s  
management, o p e r a t i o n s  planning and schedu!ing, payload o p e r a t i o n s ,  and t r a f f i c  
c o n t r o l .  The goa l  was t o  achieve a  d i s t r i b u t e d  d a t a  management approach where 
each subsystem is  a s  autonomous a s  p o s s i b l e ,  wi th  i n t e r a c t i o n s  between subsystems 
reduced t o  a  minimum. 
The navigat ion subsystem mainta ins  t h e  c u r r e n t  s t a t e  vec to r  and i n e r t i a l  
a t t i t u d e  f o r  t h e  e n t i r e  Space S t a t i o n  u t i l i z i n g  Global P o s i t i o n i n g  S a t e l l i t e  
r e c e i v e r s  and a  number of s t a r  t r a c k e r s  loca ted  on the  va r ious  modules. 
The guidance and c o n t r o l  subbystem accep t s  informat ion and commands from 
ground, crew, and o t h e r  subsystems, p rocesses  a p p r o p r i a t e  sof tware  l o g i c  and 
i s s u e s  torque o r  d e l t a  V commands t o  momentum exchange o r  propuls ion dev ices  t o  
c o n t r o l  Space S t a t i o n  a t t i t u d e  and o r b i t a l  a l t i t u d e .  
In tegra ted  d i s p l a y s  and c o n t r o l s  provide crew c a p a b i l i t y  f o r  s t a r t u p ,  
i n i t i a l i z a t i o n ,  o p e r a t i o n a l  moding, manual p r o p o r t i o n a l  i n p u t s ,  s a f i n g ,  and 
shutdown of a l l  Space S t a t i o n  subsystems. It employs mul t i - funct ion c o n t r o l  
dev ices  and d i s p l a y s  wherever p o s s i b l e  i n  o r d e r  t o  minimize t h e  number of 
ded ica ted  swi tches ,  c o n t r o l s ,  r eadou t s ,  e t c .  
The f l i g h t  d a t a  management subsystem (FDWS) provides  t h e  mechanism f o r  a l l  
intra-Space S t a t i o n  d a t a  and informat ion exchange among subsystems, payloads ,  
DLC, o t h e r  v e h i c l e s  and ground. For purposes of t o t a l  system i n t e g r a t i o n ,  
v e r i f i c a t i o n ,  and hardware/software commonality, t 5 e  FDMS w i l l  spec i fy  a  s tandard 
bus i n t e r f a c e  u n i t  (BIU) and high o r d e r  language f o r  subsystem a p p l i c a t i o n s  
software.  The B I J  w i l l  i n t e r f a c e  t h e  u s e r  (subsystem) with the  s ta t ion-wide d a t a  
network. The network w i l l  be reconf igurab le  and adaptable  t o  support  Space 
S t a t i o n  bui ldup,  o p e r a t i o n a l  growth, and contingency c o n t r o l .  
F a c i l i t i e s  management, operat ions planning and scheduling, payload 
operat ions and t r a f f i c  control  provide the  da ta  bases and computational 
capabi l i ty  required t o  carry out these functions. 
3.4.6 Structure 
The pressurized modules a r e  constructed of all-welded, i n t eg ra l ly  machined 
skin-str inger  panels of 2219 aluminum pla te .  Meteoroid penetrat ion 
considerations d i c t a t e  a  wall  thickness of 0.060" with an 0.040" bumper 4" away 
from the pressure she l l .  S t r ingers  and r ing frames provide necessary s t i f f en ing .  
The Delta and Big "T" configurat ions u t i l i z e  a  deployable te t rahedra l  planar 
t r u s s  as  a  s t ruc tu ra l  foundation. The t r u s s  i s  constructed of graphitelepoxy 
tubes and molded end f i t t i n g s  fo r  low thermal expansion. 
3.4.7 E lec t r i ca l  Power 
The photovoltaic system chosen fo r  t h i s  study is a f l e x i b l e ,  planar array 
u t i l i z i n g  large area (5.9 cm x 5.9 cm) s i l i c o n  c e l l s .  The c e l l s  w i l l  be attached 
t o  a  f l ex ib l e  kapton (or s imi la r  mateLial) subs t ra te  instead of the more 
conventional r i g id  aluminum honeycomb. Since the S ta t ion  w i l l  l a s t  longer than 
the 10-year array l i f e  goal,  provisions m u s t  be made t o  change out so l a r  array 
blankets. 
The 25 kW energy s torage uni t  comprises an a lka l ine  fue l  c e l l  f o r  power 
generation, an a lka l ine  e l ec t ro lys i s  c e l l  for  energy s torage a s  oxygen and 
hydrogen gases, tankage, a  heat exchanger, pover conversion and regulat ion,  and 
supporting s t ruc ture .  
Power d i s t r i bu t ion  throughout the S ta t ion  i s  three-phase, 400 V ,  20 kHz over 
four redundant buses. Control lers  in  the modules convert the power t o  o ther  
forms as  required by users.  
3.4.8 
A t  l e a r t  two interconnect moduler a r e  equipped a r  a i r l ock r ,  including 
cont ro ls ,  pumpdown provir ions and suit stowage. 
The EMU w i l l  be of modular derign t o  f a c i l i t a t e  recharge, r epa i r  and 
replacement. The Space S ta t ion  Hllll w i l l  a l s o  be modular so t h a t  modules can be 
repaired inside the Stat ion.  
3.4.9 Crew Accommodations 
Crew acrommodations i n  the habi ta t ion  module include p r iva t e  sleeping 
compartments, a ga l  ley /wardrom , hygiene and waste management provisions , and 
exercise  and health maintenance f a c i l i t i e s .  Contingency crew provisions a r e  
duplicated in  the comeend/control module. 
The gal ley includes ovens, f r eeze r ,  r e f r ige ra to r ,  dishwasher, t rash  
compactor, hot and cold water dispensers,  a handwasher and s torage lockers. The 
wardroom serves a s  a dining, meeting and recreat ion area.  
Each pr iva te  compartment contains a s leep r e s t r a i n t ,  a video/computer 
terminal fo r  work and entertainment, an audio system with cont ro ls ,  a b u l l e t i n  
board and desk combination, a ce i l i ng  l i g h t  f o r  room i l luminat ion,  an adjustable  
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reading l i g h t ,  and storage lockers. There is approximately 100 f t  of f r e e  space 
i n  each pr iva te  compartment. 
The personal hygiene f a c i l i t y  cons i s t s  of th ree  cubicle8 v i t b  la tching doors 
for  privacy; each i s  large enough f o r  convenient doffing and donning of clothing. 
The f i r s t  cubicle contains the  commode. The next two cubicles  a r e  i den t i ca l ,  
each containing a combined unisex u r ina l ,  handwasher, and f u l l  body shower. 
The health maintenacce f a c i l i t i e s  cons is t  of a biomedical instrumentation 
rack, treadmil 1, exercycle,  s torage cabine ts ,  and a look-in s t a t i on .  
4.0 CONCEPT FUNCTIONS DESCRIPTION AND EVALUATION 
4.1 Introduction 
The desirable  fea tures  or  evaluation c r i t e r i a  were iden t i f i ed  and discussed 
in  Volume I. The c r i t e r i a  were defined i n  terms of user accommodations, system 
engineering, operat ions,  sa fe ty  , programmatic f  ea tures ,  and technology 
ava i l ab i l i t y .  In concert with the CDG's work on the subjec t ,  the c r i t e r i a  i n  the 
user accommodation and eye tem engineering a reas  were subdivided in to  view 
fac to r s ,  access and clearance, arrangement v e r s a t i l i t y ,  dynamics and cont ro l ,  and 
assembly and growth. An attempt was made t o  include not only the  basis  f o r  
quantifying the configurations performance o r  required funct ions such as  o r b i t  
maintenance and a t t i t u d e  cont ro l ,  but a l s o  fo r  evaluating those fea tures  which 
may be desirable  such a s  compatability with t e the r s  for  acience. 
Except as  d ic ta ted  by con£ igurat ion d i f fe rences ,  the same basic subsystem 
concepts were applied t o  a l l  three Space S ta t ion  configurations.  This pract ice 
extended t o  the s i z e ,  i n t e r i o r  provisions, and arrangement of pressurized 
modules, such tha t  differences i n  cos ts ,  performance, and crew and user 
evaluations should be dependent primarily on the differences on the configuration 
concepts. Some discussion of a l t e rna t ive  subsystem types,  and the ra t iona le  fo r  
se lec t ion  of subsystems, a r e  contained i n  Volume I1 of the repurt .  
Although weighting has not been assigned t o  these c r i t e r i a ,  such weighting 
w i l l  be necessary t o  obtain a  quan t i t a t i ve  overa l l  evaluation. This utep was not 
considered necessary a t  t h i s  stage of the concept development. 
4.2 Summarv Evaluation 
Some of the most important conclusions tha t  can be drawn from t h i s  study 
ccncern those var iab les  which do not appear t o  be dtrong discr iminators  between 
the three d i f f e r en t  configurations.  The f i r s t  of these i s  cos t .  Despite the 
attempt t o  minimize the  t o t a l  hardvare requirements i n  the Building Block 
configuration, i ts  cos ts  t o  I O C ,  a s  shown i n  t ab l e  4.2-1, i s  ac tua l ly  higher than 
tha t  of the Delta configuration, which includes an extensive truss s t ruc tu re  
absent from the Building Block configuration. Furthermore, even the addi t ion of 
twice the so l a r  array rsize t o  the "T" resu l ted  in  i ts  cost  being only 10% grea t e r  
than t h a t  of the d e l t a ;  a difference considered marginally s ign i f i can t  a t  the 
level  of the cost  analysis .  Second, the number of launches t o  reach the IOC 
s t a t e  was fouud t o  be one launch out of seven, again not s ign i f i can t  a t  the 
leve l  of the current  manifesting study. The extensive vehicle  dynamics study 
concluded tha t  the propellant requirements d i f  fe ted ,  between the low-drag "TI' and 
the r e l a t i ve ly  high drag Building Block, by l e s s  than 2,500 lbs.  every 90 days - 
again not a s ign i f i can t  discriminator.  Refer t o  tab le  4.2-2. The operat ions 
study a l so  f a i l ed  t o  f ind  any of the configurations unacceptable from e i t h e r  an 
assembly or  other operations standpoint; i . e . ,  rendezvous and docking procedures 
a r e  not s ign i f icant ly  complicated by the  i n e r t i a l  o r ien ta t ion  of the Delta. 
Although the momentum storage requirements f o r  the three  configurations d i f f e r  
somewhat, t ha t  i s  a l s o  not considered a discriminating f ac to r  since a l l  three a r e  
well  within the state-of-the-art ,  and the cos t  impact of addi t ional  CMG un i t s  i s  
TABLE 4.2-1 
COST CONPAR ISON 
(1984 $) 
CONFIGURATION 
BUILDING BLOCK 
DELTA 
I? I 1  
PEASE 
COST 
DDTdE 
- IOC TOTAL 
TABLE 4.2-2 
PROPELLANT REQUIREMENT SUMMARY 
Pounds per 90 days, ISP = 220 sec 
CONFIGURATION 
BUILDING BLOCK - DEL FA 
From a  use r  accommodation s t a n d p o i n t ,  t h e  uae of a  TEA f l i g h t  mode f o r  a l l  
t h r e e  conf igura t ion8  was found t o  be highly d e s i r a b l e  s i n c e  it s i g n i f i c a n t l y  
reduces the  need f o r  RCS f i r i n g s  and hence, minimizes the  per iods  of a c c e l e r a t i o n  
d i s tu rbances  and sensor  contamination.  The baaic  e a r t h  o r i e n t a t i o n  of t h e  
bu i ld ing  block and "T" con£ i g u r a t i o n s  is  considered more d e s i r a b l e  than t h e  
i n e r t i a l  o r i e n t a t i o n  of the  Delta f o r  s t e l l a r  and e a r t h  obse rva t ions ,  but t h e  
c a p a b i l i t i e s  of t h e  Del ta  a r e  found t o  be adequate;  t h i s  d i f f e r e n c e  is  not a  
d i sc r imina to r  between the  conf igura t ions .  
The Building Block conf igura t ion  provides the  oppor tuni ty  f o r  s o l a r  region 
obse rva t ions  from a  p ressur ized  l abora to ry  element,  while the  Del ta  provides t h i s  
c a p a b i l i t y  only from the  command and c o n t r o l  module and the  "T" provides almost 
no such oppor tun i ty .  However, t h e r e  i s  no recognized requirement f o r  such 
d i r e c t l y  manned obse rva t ions ,  and the  placement of s o l a r  sensors  on the  s o l a r  
a r ray  t r u s s e s  of t h e  "T" and Del ta  con£ i g u r a t i o n s  provides e x c e l l e n t  f i e l d s  of 
view and minimizes the  contamination encountered. 
The most important  d i s c r i m i n a t o r s  from a  use r  s t andpo in t  appear t o  be those  
assoc ia ted  w i t h  v e r s a t i l i t y  and growth. The way i n  which the  Building Block 
concept is conf ig r red  i n  t h i s  study provides l abora to ry  modules on the  growth 
conf igura t ion  i n  a d d i t i o n  t o  those  required.  This  provides more use r  p ressur ized  
volume than t h a t  contained i n  the  Del ta  o r  "TI1 concept.  However, the  u t i l i z a t i o n  
of these  modules i s  severe ly  r e s t r i c t e d  by t h e  d i f f i c u l t y  of t h e i r  removal f o r  
r econf igura t ion  o r  r e p a i r .  In a d d i t i o n ,  the  extreme d i f f i c u l t y  of inc reas ing  t h e  
power on the  Building Block concept beyond t h a t  o r i g i n a l l y  planned impl ies  
l i m i t a t i o n s  t o  the  uses  of the  s t a t i o n .  The compact nature  of the  Building Block 
a l s o  l i m i t s  t h e  use fu lness  of the  a v a i l a b l e  be r th ing  p o r t s  f o r  payloads s i n c e  
c learance  end access  a r e  l imi ted .  
The "T" and D e l t a  con£ i g u r a t i o n s  p rov ide  easy  a c c e s s  t o  t h e  b e r t h i n g  p o r t s  
f o r  pay loads ;  and t h e  exposed t r u s s  s e c t i o n s  between t h e  two " l egs"  of  t h e  module 
arrangement  p rov ide  l a r g e  v e r s a t i l e  and a c c e s s i b l e  a r e a s  f o r  not  on ly  e a r t h  
v i e w i ~ g  i n s t r u m e n t s ,  bu t  u n p r e s s u r i z e d  payloads  of o t h e r  t y p e s .  
The s e p a r a t i o n  of t h e  s o l a r  and s t e l l a r  viewing i n s t r u m e n t s  on t h e  s o l a r  
a r r a y  t r u s s  of t h e  "T," and of t h e  s o l a r  i n s t rumen t s  on t h e  D e l t a ,  from t h e  
modules i s  seen  a s  a  d i s advan tage  from t h e  s t a n d p o i n t s  of a c c e s s  by EVA o r  
man ipu la to r s  and f o r  s i g n a l ,  command, e t c . ,  t r a n s m i s s i o n .  Thus,  t h e  "spread  o u t "  
c o n f i g u r a t i o n  of t h e  "T" and D e l t a  p rov ide  both advantages  and inconveniences  
from a  u s e r  s t a n d p o i n t .  
The b a s i c  crew accommodations provided  by each  c o n f i g u r a t i o n  a r e  e s s e n t i a l l y  
t h e  same s i n c e  i n t e r i o r  and module arrangement  o p t i o n s  were no t  i nc luded  i n  t h e  
s t u d y .  However, t h e  e x t e r n a l  con£ i g u r a t i o n  was found t o  a f f e c t  crew 
accommodation i n  t h e  a s p e c t s  of EVA o p e r a t i o n s  and e x t e r n a l  viewing.  I n  g e n e r a l ,  
t h e  l a r g e r  De l t a  and "T" f c o n t i g u r a t i o n s  were cons ide red  u n d e s i r a b l e  because of 
t h e  long d i s t a n c e s  between t h e  p r e s s u r i z e d  modules and equipment and expe r imen t s  
mounted on t h e  s o l a r  a r r a y s .  These d i s t a n c e s  a r e  cons ide red  s i g n i f i c a n t  because 
t h e  l e n g t h  of time r equ i r ed  t o  r each  t h e s e  d e s t i n a t i o n s  f o r  equipment maintenance 
o r  experiment  s e r v i c i n g  was pe rce ived  t o  be s u b s t a n t i a l  and because d i r e c t  v i s u a l  
dep th  p e r c e p t i o n  i s  l o s t  from t h e  p o s i t i o n  of an o b s e r v e r  i n  t h e  modules. The 
viewing c a p a b i l i t y  thought  t o  be d e s i r a b l e  i nc ludes  c o n t i n u a l  d i r e c t  v i s u a l  
c o n t a c t  wi th  an EVA crewman and k i t h  t h e  RMS end e f f e c t o r  from t h e  i n t e r i o r ,  a s  
w e l l  a s  t h e  a b i l i t y  t o  v i s u a l l y  i n s p e c t  t h e  major e l emen t s  of t h e  s t a t i o n .  From 
t h e  viewing s t a n d p o i n t ,  none of t h e  c o n f i g u r a t i o n s  a s  de f ined  was judged t o  have 
t h e  d e s i r e d  number of windows, bu t  t h e  De l t a  and "T" were f u r t h e r  cons ide red  
u n d e s i r a b l e  becaust: t h e  t r u s s  s t r u c t u r e  i n h e r e n t l y  o b s t r u c t s  some f i e l d s  of view. 
The s t r u c t u r a l  dynamic d i f f e r e n c e s  between the  t h r e e  con£ i g u r a t i o n s  a r e  
s i g n i f i c a n t  from a  c o n t r o l  system s tandpo in t ;  t h e  Bui ld ing Block concept ,  i n  
p a r t i c u l a r ,  would r e q u i r e  a  more s o p h i s t i c a t e d  des ign ,  with a t t e n d a n t  
impl ica t ions  on v e r i f i c a t i o n ,  both of the  s t r u c t u r a l  math models and the  con t ro l  
sof tware .  The i n t e r f a c e  and mechanical systems requirements of each of the  t h r e e  
conf igura t ions  a r e  found t o  be s i g n i f i c a n t l y  d i f f e r e n t .  The Building Block 
concept u t i l i z e s  a  u n i v e r s a l ,  al though complex, i n t e r f a c e  between modules t o  
provide a l l  u t i l i t y  connect ions  a s  w e l l  a s  t o  perform the  s t r u c t u r a l  f u n c . '  + i o n s .  
I n  a d d i t i o n ,  a  highly complex mechanism is  required t o  connect the  o r i e n t e d  s o l a r  
a r r a y s ,  antennas ,  and r a d i a t o r s  t o  che module assembly. This s p e c i f i c  i n t e r f a c e  
i s  expected t o  r e q u i r e  maintenance s i n c e  it i s  i n  continuous use ,  and no means of 
performing t h i s  maintenance has been i d e n t i f i e d .  This  i s ,  i n  f a c t ,  viewed as  a  
major t e c h n i c a l  chal lenge assoc ia ted  with the Building Block conf igura t ion .  
The mechanical and i n t e r f a c e  systems required with the  Delta conf igura t ion  
a r e  e s s e n t i a l l y  a l l  a s soc ia ted  with i n i t i a l  deployment o r  r econf igura t ion ,  except 
f o r  the RMS and be r th ing  systems common t o  a l l  conf igura t ions .  The many 
d i t f e r e n t  mechanisms assoc ia ted  with placement cf major elements on the  t r u s s  
s t r u c t u r e  have not been f u l l y  de f ined ,  but the  number of d i f f e r e n t  systems 
involved i s  seen a s  some disadvantage.  However, i t  i s  noted t h a t  these  w i l l  each 
be somewhat s impler  than the  un ive r sa l  i n t e r f a c e s  assoc ia ted  with the  Building 
Block conf i g u r a t i o n .  Notably absent  from the  Del ta  i s  t h e  continuously moving 
i n t e r f a c e  with the  s o l a r  a r ray  boom. Fur the r ,  the  truss-mounting of a l l  major 
elements makes the  i n t e r f a c e s  Detween modules, and the  l e v e l  of redundancy 
required t o  compensate f o r  l o s s  or  removal of a  module, l e s s  demanding. I n  
c o n t r a s t ,  the  l a r g e  s i z e  of t h e  Delta (and a l s o  the  'IT") r e q u i r e s  a  longer reach 
f o r  the  RMS, and perhaps t h e  use of more j o i n t s  i n  the  RMS, arms than does the  
Building Block conf igura t ion .  
The "TI1 c o n f i g u r a t i o n ,  al though requ i r ing  a  mechanism fo r  t i l t i n g  the  s o l a r  
a r ray  t r u s s ,  s h a r e s  most a t t r i b u t e s  wi th  the  Del ta  from an i n t e r f a c e  and 
mechanical systems s t andpo in t .  Since the  r o t a t i o n  of the  t r u s s  is  only through + 
17O, t h e  problems assoc ia ted  with continuously moving i n t e r f a c e s  on t h e  Bui ld ing 
Block conf igura t ion  a r e  not p resen t .  F u r t h e r ,  no moving f i u i d  connect ions  appetir 
necessary.  The l a r g e  t r u e s  s t r u c t u r e s  a ssoc ia ted  with the  'IT" and t h e  Del ta  can 
be considered mechanisms, and an apprehension e x i s t s  a s  t o  the  success  of the  
deployment of these  t r u s s e s .  The most s i g n i f i c a n t  u n c e r t a i n t y ,  and hence 
apprehension,  a s soc ia ted  with these  t rus ;es  appears t o  be i n  the  a d d i t i o n  of 
t r u s s  a r e a  t o  an a l ready deployed t rued.  This  opera t ion  is  required t o  e s t a b l i s h  
the  I O C  "T" c o n f i g u r a t i o n ,  and hencr , is  seen a s  a  disadvantage.  However, t h i s  
same type of opera t ion  is a l s o  rel,uired t o  expand the  Del ta  t o  the  growth 
conf igura t ion .  
In the  thermal c o n t r o l  a r i a ,  s p e c i f i c  d i f fe re l l ces  a r e  found i n  the  required 
r a d i a t o r  a rea  on the  t h r e e  c ~ n f i g u r a t i o n s ,  a s  shown i n  t a b l e  4.2-3. These 
d i f f e r e n c e s  a r e  inheren t  l o  the  conf igura t ion ,  and show an advanlage f o r  the  
d e l t a .  Since the confjiurat.on a l s o  avoids t h e  necess i ty  f o r  l o t a r y  j o i n t s  i n  
the  coolant  loops ,  t h i s  i s  considered s i g n i f i c a n t  . The "T" conf i g u r a t  ion  s u f f e r s  
the  disadvantage of not only r e q u i r i n g  added rad ib ro r  a r e a  f o r  the  power modules 
because of the  overs ized power module c a p a b i l i t y ,  but a l s o  because of poor 
r a d i a t o r  v iewfactors  which impede r e j e c t i n g  heat  from the  modules. 
The Delta conf igura t ion  appears t o  be p r e f e r a b l e  from a  power system 
s tandpo in t .  The s o l a r  a r r a y  can be expanded i n  any d e s i r e d  increments,  with 
ind iv idua l  packaged modules c o n s i s t i n g  of s o l a r  a z r a y ,  conversion and s t o r a g e  
equipment, and i a d i a t o r  panels .  No moving connections a r e  required.  The 
overs iz ing  of the  a r ray  by 10% t o  account f o r  Beta angle  l o s s e s  i s  not a  
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s i g n i f i c a n t  penal ty .  The Bui ld ing Block c c a f i g u r a t i o n ,  o t h e r  the  u t h e r  hand, i s  
extremely l imi ted  i n  increment s i z e  based or  t h e  u l t i m a t e  d e s i r e d  power, snd 
~ r o b a b l y  i e  imprac t i ca l  t o  expand i n  no more than f o c r  increments. Rota t ing 
j o i n t s  capable of t r a n s m i t t i a g  condi t ioned power a r e  r eqc i red  on the  Building 
Block conf igura t ion .  The "T" con£ i g u r a t i o n ,  whi le  sha r ing  sople of the  a t t r i b u t e 8  
of the  De l t a ,  r e q u i r e s  twice the  capac i ty  i n  t h e  s o l a r  a r r a y  and e l e c t r o l y s i s  
u n i t s .  To minimize s to rage  r e q a i r ~ m e n t o ,  e m.:e complex power c o n t r o l  system is 
envisioned which t akes  advantage of the  power a v a i l a b l e  from the  z r ray  a t  low sun 
incidence ang l e e .  
The power profi1.e a n a l y s i s  d iscussed i n  Volume I1 i i  noteworthy i n  t h a t  the  
power l e v e l s  r equ i red  a t  I O C  f o r  opera t ion  of t h e  Space S t a t i o n ,  exc lus ive  of 
t h a t  ~ e d i c a t e d  t o  payloads,  was found t o  be on-the-order of 50 KW. Thus, i f  t h e  
payload power l e v e l s  of 60 KW f o r  I O C  and 120 KW f o r  growth a r e  a c c u r a t e ,  the  I O C  
s t a t i o n  may r e q u i r e  50% more power than c u r r e n t l y  p ro jec ted .  Some l e v e l  of power 
above 150 KW would a l s o  be expected f o r  the  growth d t a t i o n .  On t h i s  b a s i s ,  t h e  
p r a c t i c a l i t y  of adding power t o  t h e  s t a t i o n  i n  increment#,  without severe  
p e n a l t i e s ,  should be considered an extremely a t t r a c t i v e  f e a t u r e .  This f e a t u r e  i d  
most evident  i n  t h e  De l t a ,  whi le  i t  appears t o  be t o t a l l y  absent  i n  t h e  Building 
1 
Block conf igura t ion .  Th? "T" c o u f i g u r a t i o n ,  whi le  i t  possesses  t h e  c a p a b i l i t y  of , . . . 
a d d i t i o n s  t o  the  t r u s s  s i z e ,  may r a i s e  the  i s s u e  of p r a c t i c a l i t y  above t h e  150 KW 
l e v e l  simply due t o  the  extremely l a r g e  c e l l  a r ray  required.  One o t h e r  ! 
disadvantage t o  t h e  Bui lG~ng  Block conf igua t ion  i s  a.,ocieted with the  minimal 
s t r u c t u r e  of t h e  deployed s o l a r  r r r r y  and the  requirement f o r  the  OW, O r b i t e r ,  
OTV, e t c .  t o  opera te  i n  c lose  proximity t o  the  a r r a y s ,  s i n c e  they a r e  mounted on 
booms connnected t o  t h e  module arsembly. The disadvantage is  t h a t  plumes from . , 
, f 
the  RCS of the  proximity-operating v e h i c l e s  w i l l  impact the  a r ray  a t  s i g n i f i c a n t  
I 
Q I 
incideuce angles  and a t  r e l a t i v e l y  c l o s e  d i s t a n c e s .  The r e s u l t i n g  f o r c e s  could ? .  ? 
d i s t u r b  not  only  t h e  s o l a r  a r r a y  b lanke t ,  but  a l s o  t h e  e n t i r e  h ighly  f l e x i b l e  
s t r u c t u r e .  Although d e t a i l e d  a n a l y s i s  remains t o  be accomplished, t h e  c e s u l t i n g  
motions could cause severe  problems wi th  t h e  s t r u c t u r e ,  b l a n k e t ,  and perhaps wrth  
veh ic le  a t t i t u d e  con t ro l .  
The comm~:nications system is shown t o  be very s e n s i t i v e  t o  v e h i c l e  
o r i e n t a t i o n ,  highly favor ing t h e  ve loc i ty -vec to r  o r i e n t a t i o n  of t h e  Building 
Block conf igura t ion  and "T" concepts.  Th i s  d e r i v e s  from t h e  requirement t o  
communicate wi th  proximity-operating v e h i c l e s  in  b a s i c a l l y  t h e  same o r b i t .  To 
meet a  f u l l  time coverage requirement f o r  such communications, s p h e r i c a l  coverage 
i s  required on t h e  Del ta .  Antenna requirements a r e  summarized i n  t a b l e  4.2-4. 
Although t h i s  is not viewed a s  a  technology problem, some system complexity i s  
added t o  manage t h e  i n c r e a s e . i n  antonnas requ i red  f o r  the  De l t a  i n  a d d i t i o n  t o  
t h e i r  cos t  and maintenance requirements. 
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5.1.1 Groundrules and Assumptions 
The following groundrulee and assumptions were used i c  t h e  c o s t  a n a l y s i s  f o r  
the  t h r e e  con£ i g u r a t i o n s :  
o The Space S t a t i o n  Cost Model (sSCU) developed by Flanning Research 
Corporation (PRC) was used t o  develop hardward and system l e v e l  c o s t s .  
o The concept was t r e a t e d  a s  one work package. 
o Only the  I O C  conf igura t ion  was cos ted.  
o No l ea rn ing  was assumed. 
o No e x p l i c i t  r e se rve  was included.  
o No STS f l i g h t  c o s t s  were included.  
o Subsystem c o s t s  were a l l o c a t e d  t o  the  modules on t h e  b a s i s  of weight.  
o Costs a r e  expressed i n  m i l l i o n s  of 1984 cons tan t  yea r  d o l l a r s .  Since 
SSCM outpu t s  c o s t s  i n  1982$, the  i n f l a t i o n  adjustment was made using t h e  NASA R&D 
in£  l a t i o n  index (1.175 f o r  1982 t o  1984 d o l l a r s ) .  
o Program l e v e l  c o s t s  ( inc lud ing  f e e )  were included using t h e  Code B 
f a c t o r s .  
o Complexity f a c t o r s  considered t o  be 1.0 except t h e  fo l lowing:  
o Closed loop ECLS was costed using t h e  open loop ECLS CER wi th  1.6 
complexity f a c t o r .  Factor  based on CDG t r a d e  study.  
o Berthing and docking adap te r  used a 0.8 complexity f a c t o r  and used the  
ASTP adap te r  a s  an analogy. 
o Complexity f a c t o r  of 0.6 used f o r  f u e l  c e l l  based on JSC a n a l y s i s .  
o GSE complexity f a c t o r  of 0.8 was used, baeed on CDG c o s t  e s t ima te .  
5.1.2 Css t  Overview 
The c o s t  of the  Bui ld ing Block, Del ta  t r u s s ,  and Big "T" c o n f i g u r a t i o n  i n  
1984 d o l l a r s  a t  IOC i s  $8.2 b i l l i o n ,  $8.0 b i l l i o n ,  and $8.7 b i l l i o n  r e s p e c t i v e l y .  
For the  Del ta  conf igura t ion ,  t h e  c o s t s  of t h e  t r u s s  and tunne l  elements ( a d d i t i v e  
f o r  t h i s  a l t e r n a t i v e )  were o f f s e t  by the d e l e t i o n  of t h e  s o l a r  boom equipment, 
one C/C module, and t h e  s a t e l l i t e  support  system. The big  "'l" c o n f i g u r a t i o n  i s  
the  most c o s t l y  of the  t h r e e  a l t e r n a t i v e  conf igura t ions .  Th i s  is  p r imar i ly  due 
t o  the  a d d i t i o n a l  t r u s s  s t r u c t u r e ,  a d d i t i o n a l  s o l a r  a r r a y  requirements,  and more 
f u e l  c e l l s .  However, a s  a  comparison of the  c o s t s  f o r  a l l  t h r e e  c o n f i g u r a t i o n s  
would i n d i c a t e  the  d i f f e r e n c e  is  r e l a t i v e l y  smal l  ( l e s s  than 10 p e r c e n t ) .  Table 
5.1 shows the  c o s t  breakout f o r  the  DIT6E phase and product ion phase f o r  the  
t h r e e  conf igura t ions .  It is  immediately evident  t h a t  the  major i ty  of t h e  c o s t  of 
t h e  program i s  i n  "overhead" c o s t s ,  such a s  system l e v e l  and program l e v e l  t a s k s .  
Approximately 75 percent  of t h e  DDTdE c o s t s  a r e  i n  t h i s  ca tegory,  c o n t r a s t e d  t o  
approximately 25 percent  f o r  hardware development. Roughly 40 percent  of t h e  
product ion c o s t s  a r e  system and program l e v e l  c o s t s ,  leaving approximately 60 
percent  a c t u a l  hardware production.  
The comparative c o s t  a n a l y s i s  was performed f o r  the  t h r e e  concept 
conf igura t ions  t o  i d e n t i f y  t h e  a r e a s  of major c o s t  impact. However, c o s t  
r educ t ions  could be r e a l i z e d  by adopt ing new and innovat ive  methods of doing 
business  irom those  used i n  pas t  space programs. 
CONFIGURATION 
Building Block 
Delta 
Big "T" 
TABLE 5 . 1  
COST 
-
PRODUCTION I O C  TOT& 
$8.2B 
8 .OB 
8.7B 
5.2 I s s u e s  
5.2.1 In t roduc t ion  
This s e c t i o n  provides a  summary of t h e  requirements and des ign i s s u e s  
i d e n t i f i e d  but not  resolved dur ing t h i s  study.  An i s s u e  was de f ined  a s  a  
cons ide ra t ion  where quea t ions  e x i s t e d  i n  one o r  more of t h e  fo l lowing a r e a s :  
1. Whenever requirements d e f i n i t i o n s  were inadequate.  
2. Where op t ions  o r  a l t e r n a t i v e  approaches e x i s t  f o r  f u t u r e  study.  
3 .  Where inadequate information e x i s t s  t o  permit d e t a i l e d  eva lua t ion .  
4 .  Where development q u e s t i o n s  such a s  r i s k  and technology a v a i l a b i l i t y  
e x i s t .  
The l i s t  of requirements i s s u e s  a p p l i e s  t o  a l l  t h r e e  of the  c o u f i g u r a t i o n s  
s tud ied .  In  t h e  list of des ign i s s u e s ,  t h e  p a r t i c u l a r  c o n f i g u r a t i o n s  (Bui ld ing 
Biock, Delta t r u s s ,  o r  b i g  "T") i n  which t h e  i s s u e  was most pronounced i s  
i d e n t i f i e d .  
5.2.2 Reauirements I s s c e g  
1. Thermal c o n t r o l  f o r  hangars,  s a t e l l i t e  s e r v i c i n g  a r e a s ,  payloads,  and 
instrument racks.  
2.  Proximity o p e r a t i o n s  and co-orbi t ing s a t e l l i t e  commrnications continuous 
coverage. 
3. S t a t i o n  o p e r a t i o n s  power. 
4. Payload bay docking module requirements f o r  b ~ ~ i l d u p  and o p e r a t i o n s .  
5. O r b i t e r  hard dockinglber th ing.  
6 .  Module r e t u r n .  
7 .  S ingle  (44 f t )  o r  double (22 f t )  l abora to ry  module. 
8. Crew a c t i v i t y ,  equipmeut, and u t i l i t y  f o r  OMV, OTV, and s a t e l l i t e  
se rv ic ing .  
9. P ressur ized  module viewing. 
10. Rela t ionsh ip  between pla t forms and Space S t a t i o n .  
5.2.3 Design I s s u e s  
1. A l t e r n a t e  power source  op t ions  ( s o l a r  thermal) .  
2. A l t e r n a t e  approicbes  t o  crew s a f e t y  (dua l  e g r e e r  v r .  s a f e  haven). 
3. A l t e r n a t e  module arrangements ( l i n e a r  vs. r a c e t r a c k  vs.  r a f t  vs .  
"spoke"). 
4. BCS loca t ion .  
5. Fixed vs .  o r i e n t e d  boom-mounted r a d i a t o r s  - Building Block 
6 .  Deployed vs .  e r e c t a b l e  s t r u c t u r e .  
7 .  Assembly of t r u s s  elements - D e l t a ,  b i g  "T". 
8. I n t e r f a c e  d e f i n i t i o n  f o r  o t h e r  elements wi th  t r u s s e s  - Del te  and b ig  "T". 
9 .  Connecting tunne l  i n t e r f a c e s  wi th  t r u s s  - Del ta  and b i g  "T". 
10. Plume impingement e f f e c t s .  
11. Maintenance of boom r o t a r y  j o i n t s .  
12 .  S o l a r  a r r a y  high vo i t age  - plasma i n t e r a c t i o n s .  
13. Viewing c a p a b i l i t y  from modules - Del ta ,  b ig  "T". 
14. Long d i s t a n c e  EVA - D e l t a ,  b ig  "T". 
15. BHS requirements and implementation. 
16. Local shadowing andlor  blockage of s o l a r  a r r a y s .  
17. Use of O r b i t e r  v s .  s t a t i o n  BHS vs .  automatic mechanisms vs .  EVA f o r  
e s t a b l i s h i n g  i n t e r f  aces  dur ing buildup.  
18. S iz ing  of u t i l i t i e s  i n  modules f o r  growth. 
19. Number of p ressur ized  p o r t s  t o  be provided on i n t e r f a c e  modules - Del ta  
and big  "T". 
5 .2 .4  Operat iogs  Accommodatione I s s u e s  
1. Separa t ion  and rendezvousl re turn  l i g h t i n g  cons ide ra t ions .  
2 .  T r a f f i c  c o n t r o l  procedurer dur ing  proximity o p e r a t i o n s  
3 .  Communicatione cone ide ra t ions  dur ing  proximity o p e r a t i o n s .  
4 .  Plume impingement/contamination 
5 .  Operation c o n t r o l  zone c o n s i d e r a t i o n s  
6. Vehicle o r b i t a l  t r a n s f e r  t r a j e c t o r y  c o n s i d e r a t i o n s  
7 .  Quiescent f r e e - f l y e r  s e p a r a t i o n s  and c o n t r o l s  
5 .2 .5  Communications and Tracking 
1. Antenna l o c a t i o n ,  coverage,  aqd obscura t ion  
2. Lncation of subsystem hardware such a s  r a d i a t o r s  which would cause 
antenna i n t e r f e r e n c e  
3 .  Antenna coverage requirements i n  r e l a t i o n  t o  space s t a t i o n  o r i e n t a t i o n  
5.2.6 User Accommodations 
1. Reduction of common equipment, i . e . ,  one long module vs.  two shor t  
modules f o r  same func t ion  
2.  Providing "adequate" volume f o r  use r s .  
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